Context: Blood pressure (BP) tracks from childhood to adulthood, and has ethnic variations. Therefore, it is important to assess the situation of pediatric BP in different populations. This study aims to systematically review the studies conducted on BP in Iranian children and adolescents. Evidence Acquisition: We conducted a systematic review on published and national data about pediatric BP in Iran, our search was conducted in Pub Med, Medline, ISI, and Scopus, as well as in national databases including Scientific Information database (SID), IranMedex and Irandoc from 1990 to 2014. Results: We found 1373 records in the primary search including 840 from international and 533 from national databases. After selection and quality assessment phases, data were extracted from 36 papers and four national data sources. Mean systolic BP (SBP) varied from 90.1 ± 14 mmHg (95% CI 89.25, 90.94) to 120.2 ± 12.3 (118.98, 121.41) mmHg, and for diastolic BP (DBP) from 50.7 ± 11.4 (50.01, 51.38) to 79.2 ± 12.3 (77.95, 80.44) mmHg. The frequency of elevated BP had large variation in sub-national studies with rates as low as 0.4% (0.009, 1.98) for high SBP and as high as 24.1% (20.8, 27.67) for high DBP. At national level, three surveys reported slightly raised rates of elevated BP from 2009 to 2012.
Context
In the last decades and almost all around the world, the disease burden profile has changed from communicable diseases in childhood to non-communicable diseases (NCDs) in adulthood (1, 2) . Meanwhile, the worldwide healthy adjusted life expectancy (HALE) has grown slower than life expectancy (0.8 years for each 1 year) and in a few countries HALE even has been reduced (3, 4) . In addition, non-fatal health outcomes have resulted in increasing years lived with disability (YLD), worldwide (5) . The Global Burden of Diseases (GBD) study on 2010 identified high blood pressure (BP) as the top global burden risk factor. In most parts of Asia, Middle East, North Africa, and Central Europe, high BP was the leading factor. It had worldwide attributable deaths of about 9.4 million and disability adjusted life years (DALYs) of about 173.6 million and comprised 53 percent of ischemic heart disease (IHD) DALYs (1) . Moreover, this study defined IHD, lower respiratory infections, and stroke as the three major causes for years of life lost (YLL) due to premature death (6) , with high BP as one of the most important risk factors for all of them.
In 2001, high BP resulted in 7.6 million premature deaths and 92 million DALYs; it also caused 54% of strokes and 47% of IHDs worldwide (7) . In 2002, IHD and stroke were the two principal causes of global death (8) . The world health organization (WHO) ranked high BP (13% of global death) (9) and, cardiovascular diseases (CVDs) (45% of global deaths) (10) It is well documented that elevated BP during adulthood roots in childhood (11) (12) (13) . Given the importance of tracking BP from childhood, the Fourth report on the diagnosis, evaluation, and treatment of high BP in children and adolescents highlighted that all children aged above 3 years, who are seen in a medical setting, should have their BP measured (14) . The growing pattern of NCDs and the pattern of the GBD are of special concern in low-and middle-income countries (1) . As a low-middle income country located in the Middle East and North Africa (MENA) region, Iran is facing rapid epidemiological transition and change in the disease pattern (15) . Therefore, increasing our knowledge on the risk factors of NCDs, would be helpful for designing and implementing timely preventive health programs. There are scattered and independent studies in this regard in Iran. Their results mostly are from limited populations or confined areas. It seems necessary to cumulate their findings and estimate the overall burden of elevated BP for the country. Furthermore, comparing data at the local and subnational levels might yield useful results, which could be used by health policy makers and health workers. None of the published articles has considered this issue. Even the GBD study has drawn an overview of the situation at global level and does not provide each country's specific situation. Therefore in the current review, first we looked for the studies conducted on BP among Iranian pediatric population. Thereafter, we tried to deliberate the relevant trends and burdens in the country. Due to the scarcity of accessible information in many areas of the country, we need to use advanced statistical modeling methods in order to impute the missed data (16, 17) .
Evidence Acquisition
The present systematic review is a sub-component of cardio-metabolic risk factors burden study in Iranian children and adolescents which itself is a part of the National and Sub-national burden of diseases, injuries and risk factors (NASBOD) study in Iran. We have described detailed designs and protocols elsewhere (18, 19) , and here we explain it in brief.
Outcome Definition
The major outcome in the current review was elevated BP. According to the US national heart, lung, and blood institute (NHLBI), BP is considered normal when the systolic and diastolic values are less than the 90 th percentile for the child's age, sex, and height. Prehypertension, is diagnosed when a child's average BP is above the 90th percentile but below the 95th. Every adolescent with a BP greater than 120.80 mmHg is also diagnosed to have prehypertension, even if the BP would be below the 90 th percentile. Stage I hypertension is diagnosed if a child's BP is greater than the 95th percentile but less than or equal to the 99th percentile plus 5 mmHg. Stage II hypertension is diagnosed if a child's BP is greater than the 99th percentile plus 5 mmHg (14) . In the current review, the majority of the retrieved articles had used these cut points or earlier definitions proposed by NHLBI (20, 21) . Other definitions have been used in some of them (22, 23) .
Measures Definition
Measures consisted of the values/mean (Standard Deviation, SD) values of SBP and/or DBP, or the frequency rates of high BP. In all studies selected for this review, BP value was measured by sphygmomanometer through brachial artery with appropriate cuff size and was reported in mmHg or cmHg. In most of them, BP was measured two to three times in a single session and the mean value was recorded. In some others, two to three measurements were made on separate occasions and the last one was included in their analysis.
Search Strategy
We searched international databases including PubMed/Medline, ISI web of Science, and Scopus, as well as the Iranian scientific databases (IranMedex, Scientific Information Database (SID), Irandoc) from January 1990 to January 2014.
The search terms were as follows: hypertension, blood pressure, high blood pressure, systolic pressure, diastolic pressure, arterial pressure in any possible combination with school OR student OR girl OR boy OR child* OR adolescen* OR pediatr* OR paediatr* AND Iran for searching in the International databases; the Farsi equivalent of these terms were used for searching the national databases. A definite search strategy for each database was also designed and used (Appendix 1). Both search methods results were considered. We also looked at the reference list of relevant retrieved articles to find more publications.
National Data
To the best of our knowledge the only nationwide study on cardio-metabolic risk factors in Iranian pediatric population with the age specific definitions are the surveys of a national surveillance program entitled: Childhood and adolescence surveillance and prevention of adult non-communicable diseases (CASPIAN) study (24, 25) . It has been conducted in four different surveys from 2003 to 2012 (25) (26) (27) (28) (29) . We used the source data of these surveys.
Inclusion and Exclusion Criteria
We included all cross sectional studies on BP values and prevalence of high BP in 6 -18 year-old Iranian population. We also included cohort and case-control studies if they had reported their baseline data. We limited the search to human studies conducted from January 1990 to January 2014 in Iran (Iran, I.R.Iran, Islamic Republic of Iran) or with Iran in the affiliation of the authors with no restriction in the language. Non-human studies and redundant publications were excluded. All document types were included at the first stage. We excluded the studies that reported population normal values or percentiles exclusively or reported findings in more extended age groups than our study age range, or did not use pediatric specific definitions for BP classification. In the case of finding multiple publications from one study, we selected the more comprehensive one.
Data Management
All retrieved publications underwent selection and qualification processes. The search was repeated throughout the study period to add any newly published articles. The selected documents were saved in computer files with back-ups.
Selection Process
In the first stage, the retrieved titles were screened to find relevant articles, at the second stage the abstracts were screened, and at the third stage full texts of relevant papers were screened (Appendix 2).
Quality Assessment
For quality assessment, we considered our study eligibility criteria, study design, sample size, sampling method, response rates, measurement tools and their calibration, as well as measurement methods and estimates. Two independent reviewers (ZF and RK) qualified the articles and the poor rated ones were excluded.
Data Extraction
The data extraction process is explained in detail elsewhere (19) . For most papers, confidence intervals (CI) were calculated. For six papers for which complementary data were needed, we tried to make contact with main authors but unfortunately the response rate was not favorable.
Results
The search algorithm including the number of initial search results and included studies are shown in Appendix 2. At first step, we found 840 articles in international and 533 articles in domestic databases. After three steps of selection and then qualifying processes, we included 36 articles (Tables 1 and 2 ) in our systematic review.
Altogether, this review included 1,096,263 total population (515,098 girls, 47%) and 277 data-points. They were from four national, one provincial, 29 district and two community study levels. (53) . The study of Kerman city also had the second rank of highest DBP, i.e. 76 ± 11.4 (4.87, 77.12) mmHg (59) .
As presented in Tables 1 and 2 , almost all articles reported mean BP values. From 36 published articles, fifteen reported prevalence rates of isolated high SBP and high DBP ( Table 1) . Fifteen articles reported the prevalence of high SBP and/or high DBP ( Table 2) . Table 1 also presents the national data of CASPIAN studies (66) (67) (68) (68) . These rates were slightly higher than those reported from CASPIAN-III study.
As it is obvious from these two tables, the reported range of high BP in Iranian pediatric population in subnational studies in the two past decades varies widely, with rates as low as 0.40% (95% CI 0.009, 1.98) for high SBP in Tehran province for 15 -19-year-old boys (39) (40) (41) and as high as 24.10% (20.80, 27.67) for high DBP in KhorasanRazavi province (46) . Moreover, in national screening of 6-year-old children at school entry, the prevalence of high BP was 0.10% (0.09, 0.109) (31) .
Based on the use of ≥ 95th percentile to define hypertension, the prevalence of hypertension would be expected to be around 5% and in fact 1 -3% (69). Our findings showed that the number of sub-national studies in Iranian pediatric population that reported high BP rates above 5% (30, 45, 46, 55, 58, 61, 62, 65) was equal to studies that reported rates below 5% (31, 34, 36, 42, 44, 48, 49, 64) . In eight papers, the rates from both ranges (below and above 5%) for different age or sex categories are reported (37-41, 43, 50, 57, 63) . Seven studies reported at least one prevalence rate of elevated BP of more than 10 percent (30, 37-39, 41, 43, 50, 62, 63) . 95th percentiles : significant HTN and over 99th percentile severe HTN) (21). 11. BP above the 95th percentile for that age and sex after adjusting for weight and height=HTN (19) (20) (21) . 12. BP in the 90th percentile for their age, sex, and height=HTN (19-21). 13. Pre HTN = BP equal or greater than the age-and gender-specific 90th percentile after adjusting for weight and height or BP equal or more than 120/80 mm Hg When BP was equal or over the age-and gender-specific 95th percentile value, it was considered as HTN (14) . c Values unit is %. 
Conclusions
To the best of our knowledge, this study is the first systematic review on studies related to BP in the pediatric population, not only in Iran, but also, in the MENA region. As expected, we found that the prevalence of elevated BP was not negligible in healthy children and adolescents in Iran, and varied in different regions. It should be considered that in addition to detecting prehypertension and hypertension at early stages, BP screening programs would help in monitoring the mean SBP and DBP over time.
Though a decrease from 41% in 1990 to 25% in 2010 has occurred in the contribution of pediatric mortality and morbidity to global DALYs (3), considering that many adult NCDs actually start from earlier stages of life, the importance of this side of pediatric health and its significant sequels in the adult life should not be neglected. Even because of the high susceptibility of fetal life to environmental and nutritional disorders, preventive measures should focus on this stage of life (70) . The childhood obesity epidemic has resulted in left ventricular hypertrophy and evidence for premature development of atherosclerosis, therefore it makes the issue of tracking BP and screening for elevated BP of special concern in the pediatric age group (71) .
Children and adolescents with pre-hypertension and hypertension tend to maintain this situation over time (1, (72) (73) (74) (75) (76) . Many risky behaviors as smoking, alcohol use, physical inactivity, and unhealthy dietary habits are developed during adolescence period. Changing such lifestyle habits would be difficult after establishment, and would have lifelong consequences including NCDs and their risk factors as high BP (77) . A longitudinal study with 17 years of follow up of a pediatric population showed a 6.88 fold increase in the prevalence of hypertension in those who had high BP at baseline (78) .
National studies in American children and adolescents found that that the mean BP levels (79), as well as the prevalence of high BP (80) are gradually rising over time. The situation in Iran seems similar. The mean age of Iranian population is estimated to be increasing by 6.5 years in the two coming decades. Presuming the persistent prevalence of risk and protective factors and only because of that increase in the age, the country's YLL from CVDs will be duplicated in 2025 compared to 2005, without difference in terms of gender (81) . A Study in 2003 showed that in Iran 58 percent of DALYs resulted from NCDs and the country health burden is changing from communicable diseases to NCDs and road accidents (82) . WHO has reported an agestandardized mortality rate of 420.8 (males) and 348.0 (females) per 100000 for CVD and diabetes in Iran for 2008, and estimated a prevalence rate of around 33.7% for hypertension (7) . A national survey (SuRFNCD) in 2007 showed a remarkable prevalence of NCDs and their risk factors among Iranians aged 15 -65 (83) . Another national study showed that high SBP is responsible for most deaths in all regions of Iran. It is expected that by optimizing SBP, the years of life expectancy would increase by 3.2 (2.6, 3.9 95% uncertainty interval) years in men and by 4.1 (3.2, 4.9 UI) years in women, therefore it is concluded that prevention and control of high BP should be considered as a health priority for Iran (84) . Many studies documented high rates of cardio-metabolic predisposing factors in Iranian pediatric population (25) (26) (27) (28) (29) (85) (86) (87) (88) (89) (90) . The CASPIAN-I study (25, 26) , showed that the percentiles of SBP and DBP of Iranian children and adolescents were in close agreement with reference values (14) . As mentioned earlier, the study has continued to the 4th survey till now and different rates of elevated BP are reported. Overall, these surveys showed that in recent years, the prevalence of elevated BP has increased slightly. The variation between surveys could be attributed to differences between definitions of elevated BP (the first phase was conducted before the introduction of pediatric pre-HTN) and differences in study populations, i.e. different proportion of age and gender subgroups, different provinces, different total populations and changes in the prevalence of associated conditions as obesity, unhealthy dietary habits, inactivity, air and noise pollution, urbanization, etc. (69, 91) . Given the association of BP level with excess weight as well as with environmental factors as air pollution, noise pollution, and passive smoking (91) , and the high sodium intake of Iranian children (33) , it is proposed that in the near future, the mean BP and the prevalence of high BP will be escalating in Iranian children and adolescents.
The high prevalence of NCD risk factors in various age groups of Iranians, underscores the necessity of conducting comprehensive research and preventive programs to achieve a multidisciplinary intervention plan involving the whole health system of Iran (92) . Both in the 53rd session of Eastern Mediterranean Region (EMRO) (93) and September 2011 session of the United Nations (UN) in New York, all members committed to develop national strategies as well as preventive and controlling action plans, to involve all stakeholders and to organize financial resources targeting NCDs. It seems that still no effective public and community interventions have been done in this regard. The GBD study 2010 revealed that some parts of underachievement of the WHO 4th millennium goal is because of the lack of relevant information from the pediatric age group (94) . Presenting the information regarding pediatric studies to policymakers in a systematic and concluding manner would be of help for planning action-oriented programs. Moreover, there is increasing need to know where and how the complementary research and action plans must be implemented.
The current study summarized the information on the mean BP and the prevalence of high BP in the Iranian pediatric population. The wide heterogeneity of the retrieved papers and their point estimates led the researchers not to consider a meta-analysis. It is planned to draw the trend of BP changes across these years. As mentioned before, we will use advanced statistical modeling for missed data handling and estimations. After that, YLDs, YLLs, DALYs and burden of the HBP in pediatric population of Iran will be estimated. The importance of BP tracking and the pediatric hypertension per se and as a CVD risk factor becomes more obvious, making it important for including BP measurement in screening programs and conducting further comprehensive and cumulative studies on its time trends, primary prevention and early diagnosis.
Health policies on prevention and early control of high BP can be effective in reducing the prevalence and the adverse consequences of high BP in adulthood. Therefore, the findings of the current systematic review and succeeding works on BP of Iranian children and adolescents would be useful for future health policies and research activities aimed to reduce the burden of high BP at individual and public health levels. Follow up surveillance programs and comparison of BP trends of children and adolescents over time are recommended.
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